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An increasing number of parkinsonian patients in whom levodopa fails to relieve
tremor are being referred for thalamotomy. The literature suggests that in as
many as 50 percent of patients treated with levodopa, there is no relief of tremor
because of refractoriness to the medication or intractable side effects which
limit dosage. Thalamotomy abolishes contralateral tremor in 90 percent of pa-
tients, with an associated mortality rate of 1 to 2 percent and morbidity of 6 per-
cent. The relative merits and complications of levodopa and thalamotomy
were reviewed and a therapeutic regimen designed in which the two ap-
proaches to treatment are combined to most effectively deal with all the symp-

toms of parkinsonism.

SINCE THE INTRODUCTION of levodopa, few par-
kinsonian patients have been treated with surgical
procedures in the thalamus. However, initial en-
thusiasm with levodopa therapy'-* has been tem-
pered in the light of long-term studies involving
large series of patients. The relative refractoriness
of tremor to levodopa and intractable side effects
of the medication combine to produce a large
number of patients who remain disabled by
tremor. This has been reflected in a growing num-
ber of referrals of levodopa “treatment failures”
for thalamotomy. Our experience and a survey of
the literature suggest a need to reappraise the roles
of thalamic operation and levodopa in the treat-
ment of parkinsonism.
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Reports of Cases

Following are several representative case reports
of parkinsonian patients referred by their neu-
rologists for thalamotomy following an extensive
trial of levodopa. In each case stereotaxic ventro-
lateral cryothalamotomy was done at the Univer-
sity of California, Los Angeles (ucLA) Hospital
by one of us (RWR).

CASe 1. A 56-year-old, right-handed Cauca-
sian man had an 11-year history of severe left-
sided tremor and rigidity. A three-year course of
levodopa, 4 grams per day, produced moderate
symptomatic improvement, but resulted in the de-
velopment of right-sided choreoathetoid move-
ments. In spite of a reduction in the levodopa dose,
dyskinesia increased in severity and prevented
achievement of therapeutic levels. The patient had
been unable to work for the past two years because
of tremor, and progressive bradykinesia, dysarthria
and dysphagia developed.
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At the time of admission to ucLA Hospital in
September of 1972, there was pronounced rigidity
and constant resting tremor of the left arm and
leg. Mild rigidity and intermittent tremor related
to emotion were present on the right side. There
were intermittent choreiform movements of the
right shoulder, masklike facies, blunting of affect,
dysarthria and slowing of gait. Mild hypertension
(a blood pressure of 140/80 mm of mercury) was
well controlled with medication.

Because the levodopa-induced dyskinesia pre-
vented adequate control of tremor, the patient’s
neurologist referred him for consideration of thal-
amotomy. A right ventrolateral cryothalamotomy
was done under local anesthesia and dexameth-
asone was used to limit postoperative edema. The
procedure produced a 75 percent reduction in
rigidity and abolished the tremor on the left.
There were no postoperative neurologic deficits.
The referring neurologist felt that the procedure
had had an excellent result. Levodopa was to be
continued at 1.5 grams per day for control of
postural and right-sided symptoms. There was no
change in the postoperative result on follow-up
after 1V2 years.

Case 2. A 50-year-old, right-handed man, a
minister, presented with a five-year history of
Parkinson’s disease manifest primarily as right-
sided tremor and rigidity, with dysphagia and
akinesia. A regimen of amantadine, trihexy-
phenidyl and levodopa, 4 grams per day, had
resulted in major improvement in all symptoms
except tremor, which remained severe and inter-
fered severely with the patient’s duties as a
minister. Consequently, he was referred for thal-
amotomy.

On physical examination at admission, normal
mental status and mild slowing of speech were
noted, but there was no functional gait impair-
ment. There was pronounced rigidity and constant
tremor of right arm and leg, exacerbated by anx-
iety. No left-sided tremor or rigidity was present.
Myerson and snout reflexes were positive.

A left ventrolateral thalamotomy was done in
January 1971 under local anesthesia with post-
operative administration of steroids. There were
no postoperative complications. Rigidity was
greatly reduced in the right arm and leg, and the
patient became essentially free from tremor except
for rare tremor during emotional stress. He was
continued on levodopa, 1.5 grams per day, for
control of bulbar symptoms. The tremor had not
recurred at follow-up of three years.
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Cast 3. Parkinson’s disease first developed 15
years ago in a 61-year-old, right-handed man, a
tailor. The disease was initially manifest as right-
sided tremor and mild speech disturbance, unre-
sponsive to medications available at the time. Left
cryothalamotomy done in 1965 resulted in com-
plete relief of the right-sided tremor, but two years
later tremor involving the left arm and leg and
severe gait disturbance developed. Treatment with
levodopa was begun in 1970 and for several
months the left-sided tremor was almost com-
pletely relieved, only to recur and become in-
creasingly more severe in spite of maximal doses
of levodopa in combination with amantadine. The
tremor was disabling for the patient when dealing
with customers in his tailor shop.

The patient was admitted to ucLA Hospital in
September, 1971 for cryothalamotomy. On exami-
nation, mild deterioration of memory, slowing of
speech, severe left arm and leg tremor (especially
with anxiety) and moderate rigidity on the left
side were noted. There was mild right-sided ri-
gidity but no tremor. In addition, there was systolic
hypertension (a blood pressure of 180/95 mm of
mercury), asymptomatic mitral insufficiency and
bilateral femoro-popilateral occlusive disease with
absent lower extremity pulses.

Although hypertension and cardiovascular dis-
ease imposed increased risks, tremor was suffi-
ciently disabling that cryothalamotomy was done.
In spite of postoperative administration of dexa-
methasone, there was a transient period of mild
hemiparesis and confusion. However, this cleared
completely within five days and at the time of dis-
charge the patient was free of tremor and there
was pronounced improvement in left-sided ri-
gidity. Administration of levodopa was not re-
sumed postoperatively and the patient remains
tremor-free 2Y%2 years postoperatively.

Case 4. A 66-year-old, right-handed house-
wife presented with an eight-year history of bi-
lateral upper extremity tremor, more severe on
the right side. Rigidity and bradykinesia were of
minor significance. The tremor was unresponsive
to available medical therapy, and in 1966 a left
cryothalamotomy was done. There was complete
and lasting relief of right-sided tremor, although
the left arm and leg tremor became progressively
more severe.

A trial of levodopa produced initial relief, but
the tremor recurred and intractable nausea plus
severe dystonic posturing of the left shoulder
limited the dose of levodopa. Administration of
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levodopa was tapered to reduce the side effects
and eventually it had to be discontinued. Virtually
all other available anti-parkinsonian drugs were
tried and proved to be ineffective in treating the
tremor.

The patient was admitted to ucLA Hospital in
August, 1971 for thalamic operation. On physical
examination, moderate rigidity and severe resting
tremor involving the left arm and leg were seen,
as well as dystonic posturing and occasional athe-
toid movements of the left wrist and hand. Mini-
mal rigidity was present on the right, but tremor
was not observed. Gait was festinating, affect was
flattened and there was mild dementia and speech
disturbance. In August, 1971 a right cryothala-
motomy was done with excellent relief of tremor
and no postoperative neurologic complications.
When seen one year postoperatively, the patient
was tremor-free; administration of levodopa was
continued for control of gait disturbance.

CASE 5. A 64-year-old, right-handed woman,
a cook, presented with three-year history of bi-
lateral tremor, more prominent on the left, and
slowing of gait. Initially, a good response was ob-
tained with administration of trihexyphenidyl and
amantadine, but relapse occurred. An 18-month
trial of levodopa in maximal doses also produced
only temporary remission. At the time of admis-
sion to hospital the patient was having great diffi-
culty coping with her responsibilities as a cook in
a local school because of tremor.

On physical examination in January, 1972,
severe resting tremor, involving the left arm and
leg, and moderate left-sided rigidity were noted.
Occasional tremor was present on the right, par-
ticularly with emotion, but tone was only mildly
increased. Gait was mildly impaired; speech and
mental status were normal.

A right cryothalamotomy was done which
completely relieved the contralateral tremor and
greatly improved the rigidity. Truncal and bulbar
involvement were minimal in this patient; there-
fore levodopa was discontinued postoperatively.
At follow-up after 1%% years, the patient remains
free from tremor.

Discussion

Now that sufficient time has elapsed to allow
for critical reappraisal, the role of levodopa in the
treatment of symptoms of Parkinson’s disease may
be reassessed and compared with the results of
thalamotomy.

The therapeutic efficacy of levodopa in parkin-

sonism is well established. Generally, about two
thirds of the patients treated with levodopa
experience a pronounced symptomatic improve-
ment,*® but the remaining 30 percent show little
or no benefit. Not all of the symptoms of parkin-
sonism are equally responsive. Although it is
generally accepted that levodopa is the best agent
available for the relief of bradykinesia and auto-
nomic effects,*® and is very effective in relieving
rigidity, tremor is significantly less responsive, even
at very high doses. Cotzias,' and Calne® in a re-
view of the literature, note that levodopa is least
effective in treatment of tremor. Langrall® in a
study of 1,600 patients found an improvement in
bradykinesia in 71 percent of the patients, and in
rigidity in 70 percent. However, limb tremor was
improved in 59 percent of the patients and an im-
provement in tremulous handwriting occurred in
only 25 percent. Others have found that about one
third of the 60 to 70 percent of patients in whom
levodopa is effective in treating akinesia and ri-
gidity show no improvement in tremor.>"2 That is,
less than half of the parkinsonian patients treated
with levodopa alone had significant relief of
tremor. As reported by Cotzias' and Markham,’
and exemplified in the cases reported here, tremor
which initially improved on levodopa therapy may
recur and become refractory to long-term treat-
ment.

Levodopa Side Effects

Side effects to therapeutic dosages are an im-
portant factor in limiting the overall effectiveness
of levodopa. Side effects occurred with a frequency
of 92 percent in Langrall’s study of 1,600 pa-
tients.® In the majority of patients these reactions
consisted of nausea, insomnia or confusion and
were transient or, at worst, tolerable accompani-
ments to the therapeutic benefit. However, in as
many as 30 to 50 percent of the patients side
effects developed during the course of therapy
which were serious enough to limit dosage or re-
quire cessation of treatment.*?

Cardiac arrhythmias and postural hypotension
have been related to levodopa in 7 to 30 percent
of patients;**° only a few fatalities have been re-
ported.’ Psychiatric side effects were seen in 20
to 30 percent of patients treated.*!°-*? These in-
cluded intellectual deterioration,'® confusion, de-
pression, psychosis and even occasional sui-
cides.310-12

The problem of levodopa-induced involuntary
movements was particularly disturbing, occurring
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in 30 to 80 percent of patients.>*7%1%15 These
choreoathetoid or dystonic movements involving
tongue, head or proximal limb muscles were
generally dose-related. More bizarre motor dis-
turbances have been reported in some patients on
levodopa. Barbeau'® found that 10 percent of pa-
tients developed an “akinesia parodoxica” in which
a sudden hypotonia and hypotension rendered pa-
tients temporarily unable to move and which re-
sulted in falls that often produced hip fractures.
A peculiar “on-off” effect has been described that
may produce abrupt swings from nearly complete
remission to severe tremor, rigidity or choreoathe-
tosis several times per day.®!s Transient unex-
plained comas lasting 1 to 24 hours have been
reported.>'® These observations have prompted
Barbeau to suggest that “after a while the metabo-
lism of brain dopamine is modified” by levodopa.*®
Other alterations in brain chemistry have been
reported.'” Although yet to be established, there is
some experimental evidence to suggest that levo-
dopa induced dyskinesias may be related to cere-
bellar infarcts which have been demonstrated in
animals on levodopa.*® No significant toxic effects
to the administration of levodopa have emerged
to date, but minor abnormalities of laboratory
values are found in a high percentage of patients.*°
There is increasing evidence that levodopa has
metabolic side effects, including alterations in
glucose metabolism and trophic hormone levels.*®

Thus, troublesome side effects, unexplained re-
fractory states and differential effectiveness are
emerging as increasingly important limitations on
the benefits derived from levodopa therapy. As a
result, a growing number of patients are again
being referred for thalamotomy to treat tremor
and rigidity after levodopa has failed to produce
satisfactory results.

Ventrolateral Thalamotomy

The value of ventrolateral thalamotomy in Par-
kinson’s disease has been well documented since
1955. When the thalamic lesion is confined to the
ventrolateral nucleus, immediate and lasting re-
lief of contralateral tremor and, to a lesser extent,
rigidity occurs in 70 to 90 percent of patients, de-
pending on the criteria for patient selection.?-** In
a series reported by Cooper,?° in which he ana-
lyzed the results of 1,001 cryogenic thalamotomies
done in 1963, tremor was completely relieved in
90.6 percent of patients, and improved in an addi-
tional 9 percent; there was no significant return
of tremor in a mean follow-up of ten months.

4 JANUARY 1975 « 122 « 1

Ojemann and Ward?** have shown that the im-
provement in tremor remained stable in 40 per-
cent of patients with follow-ups as long as ten
years, while disease in the opposite limbs and
trunk continued to progress (the long-term effi-
cacy of levodopa is yet to be established). Con-
tralateral rigidity is 75 to 100 percent improved
in two thirds of patients.?°-2

The patients most likely to have excellent relief
of tremor and rigidity with thalamotomy are those
in whom involvement is primarily unilateral, with
little bradykinesia, dysarthria or autonomic symp-
toms.2*22 However, more than half of the patients
with severe bilateral symptoms, including auto-
nomic and bulbar dysfunction, can expect pro-
nounced improvement in contralateral tremor and
rigidity following thalamotomy.??

Bradykinesia generally does not respond to
thalamotomy, although Ojemann and Ward** re-
port some element of improvement in bradykinesia
manifest as finger dexterity in 70 percent of their
patients. Bulbar and autonomic symptoms of par-
kinsonism are essentially unaffected by thala-
motomy.

The risks of stereotaxic thalamotomy have pro-
gressively decreased with the refinements of tech-
nique and experience in case selection of the past
decade.?® Overall mortality rates in large series are
now less than 2 percent.?!-2325-27 Death directly
attributable to the procedure is usually a result of
intracerebral hemorrhage, and occurs in 0.6 per-
cent of patients.?® The risk of fatal hemorrhage
appears to be related to the degree of cerebral
arteriosclerosis, as the mortality rate is zero in
patients under 50 years of age, but increases to 1.9
percent by age 70 years, and 7.4 percent in pa-
tients with hypertension.?® Systolic hypertension
which is not readily controllable with medication
is not considered a contraindication to stereotactic
surgery. The remainder of the postoperative
deaths are related to the effects of pulmonary
emboli, myocardial infarcts and the like.

Postoperative Neurologic Complications

The most common postoperative neurologic
complications have been imbalance, confusion and
mental changes, speech disturbance and hemi-
paresis. In a review of the literature, Cooper?®
found that these complications occur in 5 to 20
percent of operations, but they are generally
transient effects in the immediate postoperative
period. Permanent neurologic complications fol-
lowing unilateral operations occur with a fre-
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quency of 2 to 6 percent.2®2” The age of the
patient, the severity of the parkinsonism, the
presence of other medical diseases and the surgical
technique (including the number of lesions)
appear to be the most important factors in the
morbidity resulting from thalamic surgery.?® The
risk of speech disturbance is increased with domi-
nant hemisphere lesions, and may be as high as
5 to 33 percent with bilateral stereotactic opera-
tion.20,22,24,28,29

Two technical developments have notably di-
minished the frequency of neurologic complica-
tions. Cryogenic stereotactic probes enable the
surgeon to examine the patient for desired relief
of tremor, as well as avoidance of complications,
while the thalamic target is cooled under local
anesthesia. If undesirable neurologic effects are
produced, the probe is rewarmed immediately with
completely reversible results. The use of dexa-
methasone in the immediate postoperative period
greatly diminishes the incidence and severity of
transient neurologic deficits that result from the
edema surrounding the thalamic cryogenic lesion.

Hoehn and Yahr®® have reported a study of the
natural history of Parkinson’s disease in 802 pa-
tients. They found tremor was the most common
presenting symptom. In spite of control of tremor
with thalamotomy and medications other than
levodopa, the disease, as manifest by autonomic
and bulbar effects and intellectual deterioration,
continued to progress. After five years, one quarter
of the patients were disabled or dead and after 10
to 14 years, 80 percent were disabled or dead.
The principal causes for increased mortality, which
was three times greater than the norm, were pneu-
monia and urinary infections as complications of
the disease. The mortality associated with the
disease thus must be weighed against the risks in-
volved in thalamotomy or levodopa therapy. It is
yet to be determined whether levodopa, through
improvement in akinesia and autonomic effects,
may alter the mortality and disability pattern of
parkinsonism.

Therapeutic Regimen

With these considerations in mind it seems
reasonable to propose the following regimen in the
treatment of parkinsonian symptoms. In the ma-
jority of patients who present initially with a
combination of bilateral rigidity, bradykinesia and
tremor, a trial of levodopa and other medications
is indicated for a period of 12 to 18 months. Of
these patients, a group will emerge in whom tremor

is not improved by levodopa. This group will be
composed of the patients in whom therapy is
limited by intractable side effects, and the patients
in whom tremor shows little response to levodopa.
According to the literature, this may amount to
more than half of those treated with levodopa.*-?
These patients should then be considered for thal-
amotomy by weighing the functional disability
created by the unrelieved tremor and rigidity
against the factors which may substantially in-
crease surgical risk. Following thalamotomy, it is
expected that the patients will continue to require
levodopa for management of akinesia, autonomic
symptoms and unilateral limb involvement. As re-
ported by Hughes et al*? in a double blind study,
and confirmed by others,''** patients who have
had thalamotomies show no difference in the re-
sponse of parkinsonian symptoms to levodopa
than do those patients who have not had previous
thalamotomy. Indeed, there appears to be a bene-
ficial effect in that there is a lower incidence of
levodopa induced dyskinesias following thala-
motomy. 3!

Early in the course of parkinsonism, tremor is
the most prominent symptom.*® In a small group
of patients, the disease may appear self-limited to
tremor and rigidity of one or two limbs.?+%! In
these patients, if tremor is not relieved soon after
achieving therapeutic dosage of levodopa, thala-
motomy may be more strongly recommended.
This is the group of young parkinsonian patients in
whom the risks of thalamotomy are lowest, and in
whom relief of tremor can be predicted in 90 per-
cent. Many of these patients, of course, will
eventually develop tremor and rigidity involving
the opposite limbs. Bilateral staged thalamotomies
involve additional risks, but can be done safely in
well-selected patients (Case 4). For those patients
who progress to akinesia and autonomic disorders,
levodopa will again be required.

REFERENCES

1. Cotzias GC, Papavasilious PS, Gellene R: Modification of
parkinsonism—Chronic treatment with L-dopa. N Engl J Med 280:
337-345, Feb 13, 1969

2. Yahr MD, Duvoisin RC, Schear MJ, et al: Treatment of
parkinsonism with levodopa. Arch Neurol 21:343-354, Oct 1969

3. McDowell F, Lee JE, Swift T, et al: Treatment of Parkinson’s
syn;!rome wi9t1710 L dihydroxyphenylalanine. Ann Intern Med 72:
29-35, Jan 1

4. Keenan RE: The Eaton collaborative study of levodopa ther-
apy in parkinsonism—A summary. Neurology 20 (Part 2):46-59,
Dec 1970

5. Calne DB: L-dopa in the treatment of parkinsonism. Clin
Pharmacol Ther 11:789-801, Nov/Dec 1970

6. Langrall HM, Joseph C: Evaluation of safety and efficacy of

levodopa in Parkinson’s disease and syndrome. Neurology 22 (Part
2):3-16, May 1972

7. Markham CH: Thirty months trial of levodopa in Parkinson’s
disease. Neurology 22 (Part 2):17-21, May 1972

THE WESTERN JOURNAL OF MEDICINE 5



PARKINSON'S DISEASE

8. Treciokas LJ, Ansel RD, Markham CH: One to two year
treatment of Parkinson’s disease with levodopa. Calif Med 114:7-14,
May 1971

9. Mars H, Krall J: L-dopa and cardiac arrhythmias. N Engl
J Med 285:1437, Dec 16, 1971 !

10. Goodwin FK: Psychiatric side effects of levodopa in man.
JAMA 218:1915-1920, Dec 27, 1971

11. Jenkins RB, Groh RH: Mental symptoms in parkinsonian
patients treated with L-dopa. Lancet 2:177-180, Jul 25, 1970

12. Damasio AR, Lobo-Antunes J, Macedo C: Psychiatric as-
pects in parkinsonism treated with L-dopa. J Neurol Neurosurg
Psychiatry 34:502-507, Oct 1971

13. Barbeau A: Long term side-effects of levodopa. Lancet 1:395,
Feb 20, 1971

14. Mones RJ, Elizan TS, Siegel GJ: Analysis of L-dopa in-
duced dyskinesias in 51 patients with parkinsonism. J Neurol
Neurosurg Psychiatry 34:668, 673, Dec 1971

15. Barbeau A: Long term appraisal of levodopa therapy. Neu-
rology 22 (Part 2):22-24, May 1972

16. Sax DS: Side effects of L-dopa. N Engl J Med 285:1033,
Oct 1971

17. Jequier E, Dufresne J-J: Biochemical investigations in pa-
tients with Parkinson’s disease and their alteration by L-dopa. J
Clin Endocrinol Metab 33:829-837, Nov 1971

18. Reger JF, Holbrook JR, Pozos RS: The fine structure of
cerebellar lesions after L-dopa administration in the dog. Exp
Neurol 35:480-491, Jun 1972

19. Boyd AE I1I, Lebovitz HE, Feldman JM: Endocrine func-
tion and glucose metabolism in patients with Parkinson’s disease
and their alteration by L-dopa. J Clin Endocrinol Metab 33:829-
837, Nov 1971

20. Cooper 1S: Involuntary Movement Disorders, New York,
Hoeber, 1969, pp 54-74, 317-400

21. Selby GS: Stereotaxic surgery for the relief of Parkinson’s

6 JANUARY 1975 + 122 « 1

disease—II. An analysis of the results of a series of 303 patients
(413 operations). J Neurol Sci 5:343-375, Sep/Oct 1967

22. Markham CH, Rand RW: Stereotaxic surgery in Parkinson’s
disease. Arch Neurol 8:621-631, Jun 1963

23. Rand RW, Markham CH: Cryothalamectomy for Parkin-

" son’s disease. Calif Med 101:248-252, Oct 1964

24. Ojemann GA, Ward AA: Present indications for L-dopa and
thalamotomy in the treatment of Parkinson’s disease. Northwest
Med 70:101-104, Feb 1971

25. Selby GS: Parkinson’s disease, In Vinken PJ, Bruyn WG
(Eds): Handbook of Clinical Neurology, Vol 6, Diseases of the
Basal Ganglia. New York, John Wiley and Sons, 1969, pp 227-247

26. Cooper IS: Surgical treatment of parkinsonism. Ann Rev
Med 16:309-330, 1965

27. Stellar S, Cooper 1S: Mortality and morbidity in cryotha-
lamectomy for parkinsonism—A statistical study of 2,868 consecu-
tive cases. J Neurosurg 28:459-467, May 1968

28. Krayenbuhl H, Wyss OAM, Yasargil MG: Bilateral tha-
lamotomy and pallidotomy as treatment for bilateral parkinsonism.
J Neurosurg 18:429-446, Jul 1961

29. Gillingham FJ, Watson WS, Donaldson AA, et al: Bilateral
stereotaxic lesions in the management of parkinsonism and the
dyskinesias. Br Med J 2:656-659, Sep 12, 1964

30. Hoehn MM, Yahr MD: Parkinsonism: Onset, progression
and mortality. Neurology 17:427-442, May 1967

31. Scott RM, Brody JA, Cooper IS: The effect of thalamotomy
on the progress of unilateral Parkinson’s disease. J Neurosurg 32:
286-288, Mar 1970

32. Hughes JC, Polgar JG, Weightman D, et al: L-dopa in
parkinsonism and the influence of previous thalamotomy. Br Med
J 1:7-13, Jan 2, 1971

33. Wycis HT, Cunningham W, Kellett G, et al: L-dopa in the

treatment of post-surgical Parkinson patients. J Neurosurg 32:
281-285, Mar 1970



